Attorney Docket No, F.007 
LIQUID LEVEL DETECTOR SYSTEM 

This application is a continuation-in-part patent 
application of U.S. Patent Application No. 09/368,337, 
filed August 3, 1999, and a continuation-in-part patent 
5 application of U.S. Patent Application Attorney Docket 
No. F.006, filed March 6, 2001, titled "Internal Liquid 
Level Detector System", naming as inventor "Charles D. 
Snelling" . 

10 Background of the Invention 

The present invention relates generally to liquid 
level detection systems and, more particularly, to a 
system for accurately measuring the depth of liquid 
contained within the vessel and a method for operating 
15 such a sensor. 

Certain substances, which are in a gaseous state at 
normal atmospheric temperature and pressure, are 
advantageously stored under higher than atmospheric 

20 pressure in high strength vessels. The advantage of such 
storage is that such substances liquefy under a suitably 
high pressure and therefore occupy less volume thereby 
requiring correspondingly less storage space. 
Substances, which have these thermodynamic properties, 

2 5 include propane LPG and at lowered temperatures natural 
gas (sometimes referred to as liquefied natural gas or 
LNG) , both of which are used in home heating and 
industrially. In each of these applications, storage of 
the gas in a minimum of space is desirable. Containers 
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capable of maintaining the necessary elevated pressure 
and in some cases reduced temperatures for these 
materials include cylindrical vessels with dished closed 
ends fabricated using materials such as aluminum or 
5 steel . 

Ever increasing demands for the efficient management 
of these materials make accurate measurement of propane 
or (LNG) natural gas, in a container desirable. A 
10 suitably accurate measurement may be obtained by 

determining ratio of the volume of liquid and vapor in 
the container. The volume of liquid can be readily 
determined from its depth since the interior geometry and 
volume of the aforementioned storage vessel is fixed. 

15 

Summary of the Invention 

The liquid level detector system of the present 
invention comprises a sensor located in close proximity 
to the elevations of the interior liquid of the vessel 

2 0 and thermally connected to corresponding longitudinal 

portions of the sensor. The correspondence between the 
sensor resistance and the liquid level is incrementally 
continuous, such that the elevations corresponding to the 
portions of the sensor increase from one to the other end 

2 5 of the sensor. A heater may be actuated to deliver heat 
along the longitudinal portions of the sensor. The 
sensor generates an electrical signal defining a 
temperature signal. The sensor has a vertical dimension 
sufficiently large such that the temperature signal will 
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vary in proportion to the longitudinal portion of the 
sensor thermally connected to the liquid. A processor is 
electrically connected to the sensor for receiving the 
temperature signal after actuation of the heater. The 
5 processor is programmed to use the temperature signal to 
calculate the elevation of the upper surface of the 
liquid in the vessel. 

The present invention enables an accurate 

10 measurement of the depth of the liquid, i.e., elevation 
of the upper surface of the liquid, in a vessel over a 
continuous range of elevations between an upper and lower 
limits of the sensor. Measurement of the elevation over 
a continuous range provides for increased accuracy in the 

15 measurement. Having the specific elevation of the liquid 
and the tank geometry, a processor may be programmed for 
precise determinations of the quantity of gas in the 
tank. Such increased accuracy has numerous beneficial 
applications such as where a precise determination of the 

20 amount of liquid present in a vessel, of liquid volume 

added to a vessel, and of liquid removed from the vessel, 
is necessary. This increased precision will enable the 
determination of liquid usage from the tank supporting 
the invoicing of a residential or commercial consumer for 

2 5 liquid usage not the amount of liquid delivered. Such 
precision may also be necessary to determine the amount 
liquid used by a device being supplied with liquid from 
the vessel, e.g., for a determination of the energy 
efficiency of a device supplied with liquid from the 
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vessel . 

The generation by the sensor of the present 
invention of a temperature signal indicative of the 
5 elevation of the upper surface of the liquid provides 
further advantages. For example, the elevation may be 
measured at a location remote from the vessel thereby 
making unnecessary traveling to the actual vessel for the 
measurement. Also, the elevation of the liquid in more 

10 than one vessel may be detected at a single location 
thereby enabling a central control and monitoring 
location for multiple vessels. Furthermore, the 
detection may be made in a very short period of time and 
after thereby facilitating prevention of run-out or 

15 emptying of the liquid from the vessel. Additionally, 

the detection may be continuous and recorded to provide, 
e.g., for monitoring of usage patterns and validation of 
invoicing . 

2 0 These and other features and advantages of the 

invention will be more fully understood from the 
following description of specific embodiments of the 
invention taken together with the accompanying drawings. 



2 5 Brief Description of the Drawings 

In the drawings : 

Fig, 1 is a perspective view of a liquid level 
detector system of the present invention mounted within a 
storage vessel; 
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Fig. 2 is an enlarged elevation view of the system 
of Fig. 1 showing the upper, intermediate and lower 
sensors and the heater; 

5 Fig. 3 is a schematic diagram showing the electrical 

conduits for connecting the sensors, power supply, 
processor and interface of Fig. 1; 

Fig. 4 is a block diagram of a first circuit for 
10 processing the temperature signals generated by the 

sensors of Fig. 1 for determining the elevation of the 
liquid upper surface; and 

Fig. 5 is a block diagram of a second circuit for 
15 processing using a full bridge and an analog-to-digital 
(A/D) converter with less resolution to determine the 
electrical signals generated by the sensors of Fig. 1 for 
determining the elevation of the liquid upper surface. 

2 0 Corresponding reference characters indicate 

corresponding parts throughout the several views of the 
drawings . 

Detailed Description 

25 The liquid level detector system 20 of the present 

invention advantageously uses the thermodynamic 
characteristics of a liquid and vapor mixture in 
thermodynamic equilibrium contained in a closed vessel 22 
under pressure. More specifically, in a closed vessel 
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containing liquid and vapor at an elevated pressure, the 
liquid and vapor are normally at equilibrium. When heat 
is applied to a localized volume of liquid adjacent to 
the sensor in the vessel, the liquid is vaporized, 
5 absorbing heat, thereby resisting any temperature change 
in the proximity of the sensor. As the vapor condenses 
back to a liquid, the absorbed heat is distributed 
throughout the system. By this mechanism, large amounts 
of heat may be removed from the sensor at a relatively 

10 constant rate. It has also been found that the 

temperature of the vessel will not rise appreciably as 
long as the vessel is sufficiently large that the total 
surface of the vessel can easily dissipate the heat added 
at the point source. Provided there is liquid adjacent 

15 the heat source, the temperature at the heat source 

remains relatively constant. Under these conditions, 
neither the overall temperature of the system nor its 
pressure rise significantly. 

2 0 Accordingly, upon applying heat to a selected volume 

of liquid in the vessel adjacent to the sensor for a 
relatively short period of time, the liquid acts as a 
refrigerant, thereby limiting the temperature rise to a 
relatively small amount. If the vessel contains propane 

25 at equilibrium with its vapor, a few degree increase in 

temperature causes it to boil, acting like a refrigerant, 
efficiently carrying the heat away from the sensor. 

In contrast, applying heat to a selected volume of 
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vapor adjacent to the sensor in the vessel for a 
relatively short period of time causes the temperature of 
the sensor to increase by an amount which is noticeably 
greater than any temperature increase resulting from 
5 application of heat to the sensor adjacent to the liquid 
in the vessel. This noticeable difference results from 
the vapor being a much less effective remover of heat, as 
compared to liquid, because vapor does not carry away 
heat as effectively as liquid. The reduced effectiveness 
10 of vapor as a remover of heat, relative to liquid, 

results from the absence of a phase or state change by 
the vapor upon application of heat and its much lower 
specific heat, as compared to liquid. 

15 Referring to the drawings and more particularly to 

Fig. 1 and Fig. 2, the liquid level detector system 20 of 
the present invention is shown mounted within a storage 
vessel 22 for detecting the elevation of the upper 
surface 25 of a fluid, such as propane, contained in the 

20 vessel. The vessel 22 may be a horizontally disposed 
propane tank such as is shown in Fig. 1 having about a 
200 to 1,000 gallon capacity. The system 20 is 
illustrated with the detector assembly inside the vessel 
22. 

25 

An alternative embodiment of the system 2 0 may be 
mounted on the outer surface of the vessel 22 according 
to the present invention. One such embodiment for 
mounting the system 2 0 on the outer surface of the vessel 
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22 may utilize the disclosure of U.S. Patent Application 
09/368,337, filed August 3, 1999. Other mountings for 
supporting the system 20 of the present invention on the 
outer surface of the vessel 22 may be used. 

5 

As shown in Fig. 1, the system 20 comprises a 
detector assembly 27 including an elongate thermally 
conductive substrate which may be constituted by a 
tubular housing 30 formed of metal, a thermally 

10 conductive material. The detector assembly 27 also 

includes a port 32 for supporting the housing 30 within 
the vessel 22 such that the housing has portions with 
different elevations. One preferable embodiment of the 
housing 30 has an externally threaded upper plug 35 which 

15 is screwed into corresponding internal threads of a port 
37 through the upper surface of the vessel 22. The 
threaded end and port 35, 37 thereby constitute the 
support means for the housing 30. The portion of the 
housing 3 0 below the threaded end 35 has a diameter which 

20 is less than that of the port 37 to facilitate insertion 
of the housing 30 from above the vessel 22 downward 
through the port 37. The housing 30 has a longitudinal 
interior passage 3 8 bounded longitudinally by an inner 
surface 39. The housing 30 may be referred to as a u dip- 

25 tube". 



The heater 40 is mounted on the housing 30 such that 
heat from the element is thermally connected to the 
interior of the vessel 22 in which liquid and vapor is 
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contained. In Fig. 1, the heater 40 is illustrated as a 
strip fixed to the inner surface 3 9 of the tubular 
housing 30 by epoxy or other conduction means. 

5 Accordingly, the heater 40 does not directly contact 

the liquid or vapor within the vessel 22. Electrical 
conduits 45 , 47 extend from the heater 40 through the 
interior passage 38 of the housing 3 0 upwardly through 
the access opening 52 in the upper end 35. The conduit 
10 45 is electrically connected to an electrical power 

supply 55 for actuating the heater 40, The conduits 45, 
47 may each comprise one or more wires. 

The heater 40 comprises a strip heater fixed to the 
15 inner surface 39 of the tubular housing 30 and is aligned 
longitudinally therewith. Application of an electrical 
current to the resistive material for the heater 40 will 
cause the housing 30 to become heated. 

A sensor 57 is mounted on the housing 30 in proximity to 
20 the heater 40. The sensor 57 is fixed to the inner 

surface 3 9 of the tubular housing 30 by epoxy or other 
conduction means. Accordingly, the sensor 57 does not 
directly contact the liquid or vapor within the vessel 
22. The sensor 57 comprises a potentiometer in which the 
25 resistance to electrical conductivity varies in 

proportion to the temperature detected by the sensor. 
The temperature can fc>e determined by measuring the 
resistance using a full bridge (Wheatstone Bridge) or a 
half bridge. In either configuration a three-wire 
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connection to the bridge is used. The sensor 57 has a 
respective electrical conduits 60, 62 extending through 
the interior passage 38 of the housing 30 upwardly- 
through the access opening 52 in the upper end 35. The 
5 conduits 60, 62 may each comprise two or more wires. 

The sensor 57 must be able to withstand the 
operating temperatures in the range of -40°F and 120 °F 
and pressure and maintain close thermal contact with the 
10 contents of the tank. 

The sensor 57 is constructed using a linear material 
of known resistive temperature coefficient that runs the 
length of the sensor. The ideal material would have high 

15 resistive coefficient to temperature and a linear change 
of resistance with temperature. A good compromise 
material is nickel wire, it can be fabricated into a 100 
Q resistance at room temperature, has a high 
temperature coefficient and its characteristics are 

20 determinant. Other materials such as copper and platinum 
are also common construction materials. The sensor 57 
may be referred to as an "average temperature probe" and 
is referred to in the industry as the "average reading 
temperature probe" . 

25 

The mounting of the sensor 57 on the housing 30 
provides for resolution of discrete elevations of the 
interior of the vessel 22 being thermally connected to 
corresponding longitudinal portions of the sensor. The 
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correspondence between the sensor 57 and the discrete 
elevations is incrementally continuous such that the 
elevations corresponding to the portions of the sensor 
covered by the liquid may be resolved. The sensor 57 may 
5 be actuated to produce an electrical signal equal to the 
electrical resistance of the sensor and thereby 
indicative of the temperature detected by it. The sensor 
57 has a vertical dimension sufficiently large such that 
the temperature signal will vary in proportion to the 
10 longitudinal portion of the sensor thermally connected to 
liquid. 

Preferably, the sensor 57 is disposed between upper 
and lower sensors 65 , 67. The upper sensor 65 may be 

15 positioned at an elevation which is just above the 

highest expected elevation of the liquid upper surface 
25. For such an embodiment, the sensor 57 constitutes an 
intermediate sensor. The upper and lower sensors 65, 67 
each have a vertical dimension generally equivalent to a 

2 0 single longitudinal portion of the intermediate sensor 

57. For convenience, the upper and lower sensors 65, 67 
may have the same resistance as the intermediate sensor 
57, e.g., a resistance of 100 Q at 25°C. Also for 
convenience, the upper and lower sensors 65, 67 may be 

25 made of the same material as the intermediate sensor 57. 

In an alternative embodiment, the sensors 65, 67 may also 
constitute the heater 40 by applying a suitable electric 
current the sensors before measuring their respective 
resistances, i.e., temperatures. 
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The upper and lower sensors 65, 67 are each mounted 
on the housing 30 in proximity to the ends of heater 40. 
The sensors 65, 67 are each fixed to the inner surface 39 
of the tubular housing 30 by epoxy or other conduction 
5 means. Accordingly, neither of the sensors 65 7 67 

directly contact the liquid or vapor within the vessel 
22. The sensors 65, 67 each comprise a potentiometer in 
which the resistance to electrical conductivity varies in 
proportion to the temperature detected by each sensor. 

10 The sensors 65, 67 each have respective electrical 

conduits 60, 62 extending through the interior passage 3 8 
of the housing 30 upwardly through the access opening 52 
in the upper end 35. Each of the sensors 65, 67 may be 
actuated to produce an electrical signal equal to the 

15 electrical resistance of the respective sensors and 

thereby indicative of the temperatures detected by each. 



The system 20 includes a processor 70 electrically 
connected, by the electrical conduits 62, to the sensors 
2 0 57/ 65, 67 for receiving the respective temperature 
signals resulting from actuation of the heater 40. 

The primary method for operating the system 20 to 
detect the elevation of the liquid upper surface 25 in 
2 5 the vessel 22 includes actuating the heater 40 to add 
heat to the housing 3 0 adjacent to the sensor. The 
heater 40 will be operated so as to add a known quantity 
of heat (Joules) to the detector assembly 27. The 
temperature of the sensor 57 below the liquid level will 
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change little and can considered to be zero. The portion 
of the sensor 57 above the liquid level 25 will change a 
known number of degrees, based on having applied a known 
number of Joules by the heater 40. The resultant 
5 resistance of the intermediate sensor 57 and the upper 
and lower sensors 65, 67 after the increase in the 
temperature produced by the heater 40 will be used to 
determine the liquid level. The temperature signals are 
transmitted from the sensors 57, 65, 67 to the processor 

10 70. The resistance, e.g., temperature, measured by the 
upper and lower sensors 65 and 67 will be scaled by 
dividing by an arbitrary number of increments, and then 
multiplied by the corresponding longitudinal portions of 
the intermediate sensor 57 that are above and submerged 

15 below the liquid level to determine the resistance ratios 
or fractions equivalent to the respective longitudinal 
portions of the sensor 57. Summing the respective 
resistance ratios or fractions is equivalent to the 
resistance measured by the intermediate sensor 57, a 

2 0 portion of which is submerged in the liquid which is 
accounted for by the respective longitudinal portions 
applied to the resistances of the upper and lower sensors 
65, 67, as indicated by Equation (2) herein below. 

2 5 Each of the sensors 57, 65, 67 responds by having a 

specific resistance corresponding to the respective 
temperature to which the sensor is exposed. For the 
small difference in temperature needed to make 
measurements (less than 5°F) , the responses of the 
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sensors 57, 65, 67 are linear. The processor 7 0 makes 
four measurements at the sensors 57 , 65, and 67 which are 
connected in series in the order: sensor 67 to sensor 57 
to sensor 65. The measurements of resistance are made by 
5 a Digital to Analog Converter (A/D converter) . Each of 
the resistors of these three sensors 57, 65 and 67 is 
energized by low voltage source applied at the top of the 
sensor 65. The four measurements which the A/D converter 
will make are: reference to ground (bottom of the sensor 

10 67), at the node between the sensors 67 and 57, at the 
node between the sensors 65 and 57, and finally at the 
reference which is the top of the sensor 65. The 
reference will represent the full count of the A/D 
converter. The bottom of the sensor 67 will represent a 

15 zero count of the A/D converter. Between the full and 
zero count, the measurements made at the two remaining 
nodes may be used directly to determine the relative 
resistances of the sensors 65, 67 and 57. Accordingly, 
the respective absolute temperatures or resistances of 

20 the sensors 57, 65 and 67 are not required for 

determining the liquid level, i.e., the elevation of the 
liquid upper surface 25. The processor 70, when making 
the three measurements for sensors 57, 65, 67, requires 
receipt only of the relative counts measured by each 

2 5 sensor. The processor 70 use these relative counts for 
its calculations. The absolute temperatures or 
resistances of the sensors 57, 65, 67 are not required 
for the liquid level measurements. 
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for the liquid level measurements. 

The processor 70 will use the following Equation (1) 
to calculate the level of the liquid in the vessel 22, 
5 i.e., the elevation of the liquid upper surface 25. 

1 = Rj - R . T Eq. (1) 

number of "increments" between lower end 75 of 
the sensor 57 and liquid upper surface 25; 

total number of "increments" between upper and 
lower ends 72 and 75 ends of the sensor 57 
(any number of increments are possible, higher 
number increases resolution of calculation and 
the actual count is arbitrary and determined 
only by resolution requirements) ; 

resistance of intermediate sensor 57; 

resistance of upper sensor 65 without scaling; 

resistance of upper sensor 65 at the observed 
temperature when exposed to vapor only, scaled 
by dividing by the total number of 
"increments" ; and 

resistance of lower sensor 67 at the observed 
temperature when exposed to liquid only, scaled 
by dividing by the total number of 
"increments' 7 . 

A simplified example of the solution of Equation (1) 
35 follows. 



Assume that the resistance (temperature) of the 
upper sensor 65 measured in the vapor after heating the 



10 where 1 = 



L = 



15 



20 



25 



30 
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sensor 67 measured in the liquid is 100 Q, and the 
resistance (temperature) of the intermediate sensor 57 is 
108 Q. 



5 Rvp = 120 Q 

0 

Vapor 

10 

Resistance measured 
Liquid 

15 

O 

R lq = ioo a 

20 

In this example, assume that the upper sensor 65 at 
the top of the housing 30 measures 12 0 Q, the lower 
sensor 67 at the bottom of the housing 30 measures 100 Q 
2 5 and the intermediate sensor 57 measures 108 Q. The 

sensor 57 may be arbitrarily divided into ten increments 
of length. Each increment of length of the sensor 57 at 
the vapor temperature will be R^, = (12 0Q/10) = 12Q and 
R lq , = (100Q/10) = 10Q. 

30 

The depth of the liquid 1 will be found by 
determining what ratio of R^, + R lq , at 1 will equal the 
measured resistance R ± = 108Q, the solution is provided 
by the following Equation (2) : 

35 

108 Q = 10 Q x 1 + 12 Q x (10-1) Eq. (2) 
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Solving for 1 results in 1 = 6, which is the level 
of the liquid, i.e., the elevation of the liquid upper 
surface 25. 



5 An alternative second method, which will yield 

similar results for the detector system 20, is based on 
the constant heat rise AT which results from a specific 
and constant amount of heat (Joules) being added to the 
housing 30 by the heater 40 over a discrete period of 

10 time. Such added heat will be distributed equally 

throughout the entire length of the housing 30, i.e., to 
all segments of the housing 30. This method 
advantageously uses this equal distribution of the heat 
added by the heater 40, and the temperature increase 

15 which results only if the heat added by the heater 40 is 
allowed to accumulate in the segment (s) of the sensor 57 
exposed to the vapor and not exposed to the liquid. Heat 
added to the other segment (s) of the housing 30 exposed 
to the liquid will cause boiling of the liquid and the 

2 0 associated removal of the heat added, thereby resulting 
in a very small temperature increase below the liquid 
level. This method does not require upper and lower 
sensors 65 and 67 at, respectively, the top and bottom of 
the housing 30. 

25 

The second method is based on the sensor 57 having a 
resistance which, when heat is added to the sensor, 
increases by AR in direct relation to the increase in 
temperature, AT. The increase in resistance, AR, may be 
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determined from the geometry of the sensor 57 . 
Furthermore, the AR will reflect only the temperature 
rise in the part of the intermediate sensor 57 that is 
above the liquid level 25. 

5 

This second method includes measuring the resistance 
of the intermediate sensor 57 when the entire sensor is 
exposed to gas, air or vapor to establish a value R il/re f- 
Then, a known quantity of heat, Q ref , is added to the 
10 sensor 57 by the heater 40 with the entire sensor still 
exposed to vapor thereby causing the resistance of the 
sensor to increase to a value R i2 / re f The increase in 
resistance, AR ref , is determined according to Equation 
(3) : 



15 



AR r ef - R i2/ref ~ ^-il/ref • (3) 



The AR ref , calculated according to Equation (3) , is then 
scaled by dividing it by the number of increments to 
2 0 establish a AR ref ' corresponding to the known quantity of 
heat, Q ref . The AR ref may also be determined from the 
manufacturing and calibration process. 

The depth of the liquid in the vessel 22 may then be 
25 determined from the intermediate sensor 57 supported in 
the vessel 22 by applying the known quantity of heat, 
Q ref , to the sensor and measuring the resistance thereof, 
R i2/vessel . The increase in resistance, AR vessel/ is 
determined according to the following Equation (4) : 
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Eq. (4) 



5 



The depth of the liquid in the vessel, relative to the 
lower end 75 of the sensor 57, may be calculated 
according to the following Equation (5) : 



1 = 10 - (AR vessel 



/AR ref ') 



Eq. (5) 



Equation (5) is based on 10 "increments", according to 
10 which AR ref ' is obtained by dividing AR ref by tt 10". 

Correction factors may be added to account for the 
absorption of heat from the vapor into the liquid and the 
residual heat in the sensor 57 below the liquid upper 
surface 25 at the time the resistance of the sensor 57, 
15 R i2 /vessei/ is measured. 

An alternative third method for the determination of 
the liquid level, i.e., the elevation of the liquid upper 
surface 25, is possible if the temperatures of the liquid 

2 0 and vapor in the vessel 22 are significantly different, 
without the addition of heat by the heater 40. Such a 
temperature difference, without such addition of heat, is 
rare and not normal. Nevertheless, such a condition is 
possible and makes unnecessary the addition of heat by 

25 the heater 40 to the sensor 57 to make a liquid level 

determination. Such a determination may be based on the 
same Equation (1) from above: 
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i = r< - r . t E q- (i) 

where 1 = number of "increments" between lower end 75 of 
5 the sensor 57 and liquid upper surface 25; 

L = total number of "increments' 7 between upper and 
lower ends 72 and 75 ends of the sensor 57 
(any number of increments are possible, higher 
10 number increases resolution of calculation and 

the actual count is arbitrary and determined 
only by resolution requirements) ; 



15 



Ri = resistance of intermediate sensor 57; 

R^ = resistance of upper sensor 65 without scaling; 

R^, = resistance of upper sensor 65 at the observed 
temperature when exposed to vapor only, scaled 

2 0 by dividing by the total number of 

"increments" ; and 

R lq , = resistance of lower sensor 67 at the observed 

temperature when exposed to liquid only, scaled 
25 by dividing by the total number of 

u increments" . 

Equation (1) in this third method is used to 
calculate the liquid level in the same manner as for the 

3 0 previous method. This third method has a limitation in 

that, if the temperature of the liquid and vapor in the 
vessel 22 are equal, then the denominator of Equation (1) 
becomes zero . 



3 5 The processor 70 is programmed to determine the 

elevation of the liquid upper surface 25 relative to the 
upper and lower ends 72, 75 of the sensor 57, and to 
generate an electrical signal defining an elevation 
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signal indicative of the determined elevation. The 
processor 70 may determine the elevation according to the 
foregoing equations . 

5 Alternatively, the processor 70 may be programmed to 

determine the elevation of the liquid upper surface 25 
relative to the upper and lower ends 72, 75 by 
calculating a "temperature index" proportional to the 
temperature signal received the intermediate sensor 57. 

10 The temperature index indicates the temperature increase 
detected by the sensor resulting from actuation of the 
heater 40. This, in turn, indicates the portion of 
liquid or vapor adjacent to the sensor 57, because a 
large portion of liquid adjacent to the sensor 57 results 

15 in a lower temperature increase as compared to the 
temperature increase if a large portion of vapor is 
adjacent to the sensor 57. 



The processor 70 is programmed further to compare 
2 0 the temperature index to a "reference" and to generate an 
electrical signal defining an elevation signal indicative 
of the elevation of the liquid upper surface 25 relative 
to the upper and lower ends 72, 75 of the sensor 57. 

25 The processor 70 may be programmed to determine the 

temperature index by various methods, each based on the 
temperature signal received from the sensor 57. The 
processor 70 is programmed further such that the 
reference corresponds to the temperature index. Each of 
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these methods involves the processor 70 interrogating, 
measuring and interpreting the temperature signals from 
the sensor 57 . 

5 For example, the temperature index may be the 

temperature detected by the intermediate sensor 57 at a 
specific time after actuation of the heater 40. A 
corresponding reference may be a series of temperatures 
which are known to be the temperatures which would be 

10 detected by the intermediate sensor 57 if the liquid 

upper surface 25 is present at various elevations of the 
sensor. Such reference temperatures may be determined, 
for example, empirically prior to operation of the system 
20 to determine an unknown liquid level. The reference 

15 temperature to which the temperature detected by the 
sensor 57 most closely corresponds indicates the 
elevation of the liquid upper surface 25. 

Alternatively, the reference temperatures may 
2 0 determined during operation of the system 20 to determine 
an unknown liquid level. For example, reference 
temperatures may be determined by ascertaining the 
temperatures detected by the upper and lower sensors 65, 
67 located at elevations within the vessel 22 which are 
25 known to have liquid and vapor, respectively, thereby to 
determine reference "liquid" and "vapor" temperatures. 
If the temperature detected by the intermediate sensor 
57, after heat is applied by the heater 40, is 
approximately equal to the reference u vapor" temperature 
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detected by the upper sensor 65, then the processor 7 0 
determines that the entire length of the sensor 57 is 
exposed to vapor and, therefore, the liquid upper surface 
25 is below the lower end 75. If the temperature 
5 detected by the intermediate sensor 57 , after heat is 

applied by the heater 40, is approximately equal to the 
reference "liquid" temperature detected by the lower 
sensor 67, then the processor 70 determines that the 
entire length of the sensor 57 is exposed to liquid and, 
10 therefore, the liquid upper surface 25 is above the upper 
end 72. 

If the temperature detected by the intermediate 
sensor 57 is between the temperatures detected by the 

15 upper and lower sensors 65, 67, then the elevation of the 
liquid upper surface 25 is determined by the processor 70 
to be between the upper and lower ends 72, 75. Further 
specificity in the elevation of the liquid upper surface 
25 indicated by the temperature may be obtained by 

2 0 comparing the temperature detected by the sensor 57 to 

the temperatures detected by the upper and lower sensors 
65, 67. For example, if the temperature detected by the 
intermediate sensor 57 is closer to the reference "vapor" 
temperature detected by the upper sensor 65, as compared 

2 5 to the reference "liquid" temperature detected by lower 
sensor 67, then the liquid upper surface 25 is closer to 
the lower end 75 as compared to the upper end 72. 

The numerical ratios between the temperature 
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detected by the intermediate sensor 57 and the 
temperatures detected by the upper and lower sensors 65, 
67 may provide further specificity of the elevation of 
the liquid upper surface 25 relative to the upper and 
5 lower ends 72, 75. For example, if the upper sensor 65 
detects a temperature of 60 degrees, the lower sensor 67 
detects a temperature of 2 0 degrees, and the intermediate 
sensor 57 detects a temperature of 40 degrees, then the 
processor 70 determines the elevation of the liquid upper 

10 surface 25 to be midway between the upper and lower ends 
72, 75. As another example, if the upper sensor 65 
detects a temperature of 60 degrees, the lower sensor 67 
detects a temperature of 2 0 degrees, and the intermediate 
sensor 57 detects a temperature of 3 0 degrees, then the 

15 processor 70 determines the elevation of the liquid upper 
surface 25 to be above the lower end 72 at a distance of 
1/4 the total distance between the upper and lower ends 
72, 75. 

2 0 Using the temperatures detected by the upper and 

lower sensors 65, 67 as the "reference" temperatures 
against which the temperature detected by the 
intermediate sensor 57 is compared is related to the 
methods using the foregoing Equations (1) to (5) in that 

2 5 these equations compare R x to R^, and R ± to R lq . Ri, R^ 
and R lq are indicative of the temperatures detected by 
the intermediate, upper and lower sensors 57, 65, 67, 
respectively. 
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Alternatively, the temperature index may be the 
change in the temperatures detected by the intermediate 
sensor 57 , between two specific times, such as the time 
just before actuation of the heater 40, and a specific 
5 time after actuation of the heater. A corresponding 

reference may be the temperature changes which are known 
to be the changes which would be detected by the sensor 
57 if the liquid upper surface 25 is present at various 
elevations between the upper and lower ends 72, 75. Such 

10 reference changes may be determined, for example, 
empirically prior to operation of the system 20 to 
determine an unknown liquid level. If the change in 
temperature detected by the sensor 57 is approximately 
equal to a reference change for a particular elevation of 

15 the liquid upper surface 25, then the processor 70 

determines that the liquid upper surface 25 has that 
particular elevation. 

Alternatively, the reference change may determined 
2 0 during operation of the system 20 to determine an unknown 
liquid level. For example, the reference change may be 
determined by ascertaining the changes in temperatures 
detected by the upper and lower sensors 65, 67 located at 
elevations within the vessel 22 which are known to have 
25 liquid and vapor, respectively, thereby to determine 
reference "liquid" and "vapor" changes. If the 
temperature change detected by the intermediate sensor 57 
is approximately equal to the reference "liquid" change, 
then the processor 70 determines that the entire length 
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of the sensor 57 is exposed to liquid and, therefore, the 
liquid upper surface 25 is above the upper end 72. If 
the temperature detected by the intermediate sensor 57 is 
approximately equal to the reference "vapor" change, then 
5 the processor 70 determines that the entire length of the 
sensor 57 is exposed to vapor and, therefore, the liquid 
upper surface 25 is below the lower end 75. 

If the temperature change detected by the 

10 intermediate sensor 57 is between the temperature changes 
detected by the upper and lower sensors 65, 67, then the 
elevation of the liquid upper surface 25 is determined by 
the processor 70 to be between the upper and lower ends 
72, 75. Further specificity in the elevation of the 

15 liquid upper surface 25 indicated by the temperature 
change may be obtained by comparing the temperature 
change detected by the intermediate sensor 57 to the 
temperature changes detected by the upper and lower 
sensors 65, 67. For example, if the temperature change 

2 0 detected by the intermediate sensor 57 is closer to the 

reference "vapor" change detected by the upper sensor 65, 
as compared to the reference "liquid" change detected by 
lower sensor 67, then the liquid upper surface 25 is 
closer to the lower end 75 as compared to the upper end 

25 72. The numerical ratios between the temperature change 
detected by the intermediate sensor 57 and the 
temperature changes detected by the upper and lower 
sensors 65, 67 may provide further specificity of the 
elevation of the liquid upper surface 25 relative to the 
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upper and lower ends 72, 75. 

A further alternative is for the temperature index 
to be the rate of change in temperature detected by the 
5 intermediate sensor 57 relative to a specific time period 
after actuation of the heater 40* A corresponding 
reference may be the temperature change rates which are 
known to be the changes which would be detected by the 
sensor 57 if liquid upper surface 25 is present at 

10 various elevations between the upper and lower ends 72, 
75. Such reference change rates may be determined, for 
example, empirically prior to operation of the system 2 0 
to determine an unknown liquid level. If the rate of 
change in temperature detected by the sensor 57 is 

15 approximately equal to a reference change rate for a 

particular elevation, then the processor 70 determines 
that the liquid upper surface 25 has that particular 
elevation. 

2 0 Alternatively, the reference change rate may 

determined during operation of the system 20 to determine 
an unknown liquid level. For example, the reference 
change rate may be determined by ascertaining the rates 
of change in temperatures detected by the upper and lower 

25 sensors 65 # 67 located at elevations within the vessel 22 
which are known to have liquid and vapor, respectively, 
thereby to determine reference "liquid" and "vapor" 
change rates. If the rate of change in temperature 
detected by the intermediate sensor 57 is approximately 
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equal to the reference w liquid" change rate, then the 
processor 70 determines that the entire length of the 
sensor 57 is exposed to liquid and, therefore, the liquid 
upper surface 25 is above the upper end 72. If the rate 
of change in temperature detected by the sensor 57 is 
approximately equal to the reference "vapor" change rate, 
then the processor 70 determines that the entire length 
of the sensor 57 is exposed to vapor and, therefore, the 
liquid upper surface 25 is below the lower end 75. 

If the temperature change rate detected by the 
intermediate sensor 57 is between the temperature change 
rates detected by the upper and lower sensors 65, 67, 
then the elevation of the liquid upper surface 25 is 
determined by the processor 70 to be between the upper 
and lower ends 72, 75. Further specificity in the 
elevation of the liquid upper surface 25 indicated by the 
temperature change rate may be obtained by comparing the 
temperature change rate detected by the intermediate 
sensor 57 to the temperature change rates detected by the 
upper and lower sensors 65, 67. For example, if the 
temperature change rate detected by the intermediate 
sensor 57 is closer to the reference u vapor" change rate 
detected by the upper sensor 65, as compared to the 
reference "liquid" change rate detected by lower sensor 
67, then the liquid upper surface 25 is closer to the 
lower end 75 as compared to the upper end 72. The 
numerical ratios between the temperature change rate 
detected by the intermediate sensor 57 and the 
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temperature change rates detected by the upper and lower 
sensors 65, 67 may provide further specificity of the 
elevation of the liquid upper surface 25 relative to the 
upper and lower ends 72, 75. 

5 

The one or more time periods during which the 
temperature change rate for the sensor 57, or for the 
sensors 57, 65, 67, is determined may be sufficiently 
close in time to the actuation of the heater 40, so that 

10 the change rate indicates a relatively fast increase in 
the temperature for the vapor and a relatively slow 
increase in the temperature for the liquid. 
Alternatively, the one or more time periods during which 
the temperature change rate for the sensor 57, or for the 

15 sensors 57, 65, 67, is determined may be sufficiently 

after the actuation of the heater 40, so that the change 
rate indicates a relatively fast decrease in the 
temperature for vapor and a relatively slow decrease in 
the temperature for liquid. The reference change rate is 

2 0 determined so as to account for the proximity in time of 
the determination of the temperature change rate for the 
sensor 57, or for the sensors 57, 65, 67, to the 
actuation of the heater 40. 

25 The processor 70 in Fig. 1 is electrically 

connected, by the conduit 47 to the heater 40 for 
controlling operation of the heater. The processor 70 is 
also electrically connected to the power supply 55 by an 
electrical conduit 77 which may comprise one or more 
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wires . 

The system 20 includes an interface 80 electrically 
connected by an electrical conduit 82 to the processor 70 
5 for receiving the elevation signals from the processor. 
The conduit 82 may comprise one or more wires. The 
interface 80 uses the elevation signals as the basis for 
communicating to the user the level of the liquid upper 
surface 25 relative to the lower end 75 of the 
10 intermediate sensor 57. The interface 80 is electrically 
connected to the power supply 55 by an electrical conduit 
85 which may comprise one or more wires. 

The interface 80 may be electrically connected to 
15 communication devices that will facilitate the remote 

reporting to another location of the liquid level, i.e., 
elevation of the liquid upper surface 25, in the vessel 
22 . Examples of such communication devices include a 
phone line with automatic dial up and/or answer 
2 0 capabilities using a modem or DTMF tone exchange to 
communicate the identification, such as a customer 
number, of the vessel 22 and the associated liquid level, 
i.e., elevation of the liquid upper surface 25, in, for 
example, mm or inches, or the associated liquid volume 
25 in, for example, liters or gallons. The interface 80 

could also be a direct connection such as 4 to 20ma loop 
for instrumentation. In all cases, the interface 80 is 
capable of resolving the liquid level, i.e., elevation of 
the liquid upper surface 25, in the vessel 22 to one 
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level, i.e., elevation, in as low as ten levels for less 
demanding systems, to one level, i.e., elevation, in up 
to approximately 5000 levels allowing close monitoring of 
the liquid level in the vessel. 

5 

Equations (1) to (5) each assume that the sensors 
57, 65 and 67 are about 100 Q at 25°C, and that the 
range of resistance change from -40°F to +120°F is about 
65 Q. Equations (1) to (5) yield accurate results with 
10 temperature differences (proportional to AR) as small as 
0.5°F. The temperature measurements (proportional to 
W R") are possible with a resolution of 0.01°F which is 
well within the range of known technology. 



15 Figs. 4 and 5 show block diagrams for the system 20. 

The system 20 provides high-resolution measurements by 
utilizing inexpensive components which are known. An 
example of a component which facilitates sufficient 
resolution is a digitizing element. 

20 

The first implementation of the system 20, shown 
schematically in Fig. 4, uses a front end that is capable 
of accepting the full input range and resolving the data 
from the full signal. Component elements that resolve an 
2 5 analog signal into a full 24 bits are known. This will 

resolve a signal into one part in over 16 million. If six 
bits are allocated to system errors (noise, temperature 
effects, component tolerances, etc.) and common mode 
cancellation, then 18 bits of data remain available to 



Attorney Docket No. F.007 



provide sufficient resolution to measure a 0.0005 Q 
change in resistance of the sensors 57, 65, 67. 

The second implementation of the system 20, shown 
5 schematically in Fig. 5, includes an A/D with limited 
resolution (16 bits) and the addition of differential 
amplifier circuits to remove the common mode portion of 
the signal, facilitating accurate measurements with 
limited hardware resolution. 

10 

A vessel 22 which is properly filled with propane 
has, at the upper portion of its interior, about 20% of 
its volume reserved for vapor. Accordingly, the 
elevation of • the upper end 72 of the sensor 57 and the 

15 upper sensor 65 of the housing 3 0 will be equal to 

approximately the 85% full level of the vessel 22. The 
elevation of the lower end 75 of the sensor 57 and the 
lower sensor 67 of the housing will be approximately one 
to two inches above the bottom of the vessel 22. The 

2 0 lower end of the housing 30 will not contact the bottom 

of the vessel 22 because the temperature of the vessel is 
required to not be detected by the sensors 57, 65, 67. 
The sensors 57, 65, 67 measure the temperature of 
preferably only the liquid and vapor in the vessel 22. 

25 

Since the elements of the housing 3 0 are conductive, 
both electrically and thermally, a correction may be 
applied to the measurements and/or the calculations based 
thereon to account for the temperature change between the 

-32- 



Attorney Docket No, F.007 



liquid and vapor phase over a finite dimension of the 
housing 30. 

Preferably, the system 20 is operated to measure the 
5 elevation of the liquid upper surface 25 when the liquid 
(such as propane) is at the critical pressure. However, 
the system 20 may be so operated if the liquid is not at 
a critical pressure. The accuracy of the system 20 may 
be limited if thermoclines are present in the liquid in 
10 the vessel 22. If such thermoclines are present in the 
liquid, then the accuracy of the system 20 may be 
increased by using a plurality of discrete intermediate 
sensors 57 along the length, i.e., longitudinal axis, of 
the housing 30. 

15 

The entire disclosures of U.S. Patent Application 
No. 09/368,337, filed August 3, 1999, and U.S. Patent 
Application Attorney Docket No. F.006, filed March 6, 
2001, titled "Internal Liquid Level Detector System", 
20 naming as inventor "Charles D. Snelling", are each hereby 
incorporated by reference herein. 

While the invention has been described by reference 
to certain preferred embodiments, it should be understood 
2 5 that numerous changes could be made within the spirit and 
scope of the inventive concept described. Accordingly, 
it is intended that the invention not be limited to the 
disclosed embodiments, but that it have the full scope 
permitted by the language of the following claims. 
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